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NATIONAI. ADVISORY COMMITTEE FOR AFRONAUTICS

TECHNICAL NOTE NO. 1299

EFFECTS OF MACH FMBER AND REYNOLDS NUMBER
ON THE MAXIMUM 1.IFT COEFFICIFNT OF A WING
OF NACA 230-SERIES AIRFOIL SECTIONS
By G. Cheater Furlong &and James E. Fitzpatrick

SUMARY

The sffscta of Mach number and Reynolds number on the maximum
1ift coefficient of a wing of NACA 230-series airfoil sections ars
presented. The renges of Mach number for the wind-tunnel teste were
from 0.10 to 0.35 and frum 0.08 to 0.27; ths corresponding Reynolds
numbsr rances wers from 1,530,000 to 4,530,000 and frem 2,450,000
to 7,8%,000, respsctively.

The wimd'- wvos tested with full-spen and partial-span aplit flaps
deflscted 60° and without flaps. ILeading-edse-roughnesn tests were
made with the flaps-retracted coni'iguration. Same chordwiss pressure-
distribution measurements wsrs made for ell flap confisurations of
the modsl.

The resulis of the tests indicated that peak values of maximum
1ift coefficient were obtained at relativsly low fres-stream Mach
numbers (approx. 0.20 for ths flaps-deflscted confiswrations and 0.25
to 0.30 for the fleps-retracted configuration) end occurred whsn ths
critical pressure coefficient wes reached on ths upper surfacs of
the wing. The values of maximum lift ccsfficisnt were increased
by increasing Reynolds number or deflsoting the flaps, but in both
cases ths critical pressure cosfficiont was reached at lower fres-
stream Mach numbsxrs. Aftsr the critical Mach number had bsen
resached, the value of maximum lift coefficisnt wes appreciebly
reduced and there wae an indication that bsyond ths critical
Mach number the effect of Reynclde numbor on the maximum lift becomes
markedly reducsd. Ths value of maximum 1lift coefficient before the
criticel Mach number was reached was almost entirely dependent on
Reynolds number, but sven in the low Mach number renge, Mach number
effeots ehould not bo neglected. Any method, thorefore, that is
utilized to predict flight values of maximum 1lift ooefficient from
wind-tunne) data by accounting for a difference in Reynolds number
end nsglecting any chenge in Mach number may give erroneous results.
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" INTROTUCTION

Bstimates of flight values of maximum lift coefficient from wind-
tunnel tssts are usually made by accounting for the incremental
change in lift coefficient that results from differences in Reynolds
nunmber. The effecte of & variation of Reynolds number on the meximum ,
11ft coefficient and the stall phencmencn are described in references 1
and 2. Referencee 3 and 4 indicate that compressibility effscts on
the maximum lift cosfficisent may occur at relatively low fres-strsam
Mach numbere (0.20) A Jmowledgs of the interrelated effecta of
Mach number and Reynolds number on maximum lift cosfficlent e
important in ths interpretation of wind-tunnel test data, in flight
problems concerning airplane maneuvering performence, and in
propeller performence at high thrust conditions. Bscaune of the
importance of Mech number ae shown in references 3 and &, any
estimated flight velues of maximum lift coefficient may be
questionable if only ths differencs in Reynolds numbsr is taken
into account. As data concerning these phenomena are incamplete,
the present teste have been made to explain further ths effects of
Mach munber and Reynolds number on ths maximm lift coefficient of .
a wing. i

The present poper contains the results of teets made with a ;

t wing of NACA 230-esries eirfoil eections in the lLangley 19-foot i
pressurs tunnel. The tests were conducted at tunnel pressures

of 1.7 and 33 pounds per squars inch absclute These tunnsl
pressures gave Mach number rangee of 0.10 to 0 35 and 0.08 to 0.27. [
The corresponding Reynolds numbar rungg wore from 1,530,000 »
to 4,530,000 and from 2,450,000 to 7,880,000, respectively. The
tests included force tests and chordwiss prasgure-distribdution
measurements at six spanwise stations. .

The teste were made with the wing model equipped with full-span
and pertial-epan eplit flaps deflected 60° end without flaps. In
addition, force tssto were made with leading-edge roughnese for the
fiaps -retractsd configuration.

There are included herein data from tests of thie wing in the
Langley 16-foot high-spsed turmel, pert of which data has been
published in reference 5.

SYMBOLS
A aspect ratic (v2/8)
(4] cross-sectional ares of test section, aquars feet ‘




Lift coefficient (1/q.E)

maximum lift coefficient

diameter of tunnel teat section feet

lift, pounds

free-atream Mach number (V,/e)

critical Moch number; free-streem Mach number when

1ocn1 Mach number ic 1.00

'}

vressure coefficient (B-: "—’)
o
critical pressurc coefficient; preecurc coefficient
at a local Mach numter of 1 00
oV 3
free-utream Reyrolds number \ --3‘
wing area, square feet
free-stream veloclty, feet per smeccnd

speed of sound, feet per socond

ac,
elope of lift curve in comprescible flow (fl)
\da

slop«. of 1irt curve in incompresaible flow

/
/ d‘(‘, (ree roference 6)
&)

two-dimensionol lift-curve alope dcl/da._,)

wing span, feet
rb /2

©Tin

mean aerodynamic chord (M.A.C.). feet

loucal chord, fest




¢ chord of tip ncction

t
Cy section lift coeffisient .
P local stetic pressure, pounds per zquare foot
Py froe-ntream stetic nrescsure, pounis per eguare fool
rl,} 5 prescure in ILm,].ey_ls-font pressure tunnel, pounds per
quare inch alrolute
o freoe-stream dynami: pressurc, pounde per squure foot
x distance along loca! chord frem leading edge, feet
y loteral distance perpendiculur to root chord, feet
o engle of attuck (wing root chord), degraes
a, ebion angle of aitack, desrreus
Naey angle of sttack nt maximm lift ccefflcient
degrees
B corpressiblility factor (./'1 = M?:}
8¢ flap deflection deprees
5, Jet-boundary corrcetion facteor (reference 7)
[} rase density of eir, cluas per cubic foot
1! coofficiont of viscoaity of air, pound-seconds

por square fcot

MODFT., APPARATUS, AND 'TESTC
Model and Apparntus

A three~view drewing of the wing is precented #s fi-ure 1. Al
pertinent peometiric cheractoristics have besn incorporated in this
Tigure The root asction of the wing ie an NACA 23016 airfoil
cection end the construction tip 1s an FACA 23000 airfoil section.
The wing has 2 span of 12 feet, en aepect ratio of §, a taper ratio

of 2, an agrodynnmlr: washout of 4° (-"n geomeiric weshout), a dihedral
anzle of 0 , end eweopbrck of 3.2° (one -querter chord line).
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Inagsmuch as the wing wes of rigid steel constructicn, no
apprecieble emcunts of deflection or twist were encountered during
the tests.

The aplit flaps tested had a chord 20 percent of the local
wing chord. The spans of the full-spen and partial-span flape
were 99 percent end 55 percent of the wing span, respectively.
Both flaps were deflected 60° with the lower surface of the wing,
and the flaps were held in place by blocke. Figure 1 ehowa the
layout of the f{lspe

The leading-edze roughness wes obtained by spraying fine-
grained cerborundum (No. 60) on freshly applied shollac. The
ro ess extended across the complete span over a surface lenath
of O percent chord measured along the win;s surfece from the leading
edge on both the upper and lower surfaces.

The mode}l was mounted on the normal wing-support syetem of
the Langley 19-foot pressure turnel. (See Tig. 2.) The tips of
these supports, or that part extending up from the support fairings,
were desismed to duplicate those used in the tects of reference 5.
The aerodynemic forces end moments were measured by a simultanecus-
recordinz six-component belence systen.

The wing conteined 33 surface-pressuce orifices at each of
the six spanwise statlons. TFiirure 1 shows the spanwise location
of the stations snd a typical chordwise distribution of pressure
orifices. The pressure lends were conducted internslly to a pipe
protruding from the root-chord tralling edje (fig. 1). From the
trailine edge, the pres=ure leads were teken to multiple-tube
manometers throush a specially designed tube-transfer system.
Thie syatem, which is shown in fizure 3, allowed continuous testing
through the engle-of -ettack range without neceesitatin;; manual
adjustments. The tube-transfer system. however, did not allow
force tests to be made simultaneously with preesure measurements
snd, consequently, force tests were made with the system removed.
During the force tests a short fairing cap coversd the pipe
extending from the root-chord trailing edae.

Teats

Tests were conducted at two tunnel pressures of 14.7
and 33 pounde per equere inch absolute. The renges of Mach number
end Reynolde number thus obtained are

Tunnel pressure Mach number range . Reynolda number range
(1bv/sq in.) o
1.7 0.10 to 0.35 | 1,530,000 to k,530,000

33 0.08 to 0.27 12,450,000 to 7,880,000 _




For convenience, testa made at tunnel pressures of 14.7 end 33 pounds
per =quare inch sbsclute are designeted Pygr = 14.7 eand pl9. = 33,

respectively.

Tare tests were mcde for all model flap confizuretiona at both
tunnel pressures. In additlon, scale effect cn tares was investigated
for the flaps-retracted configuration. The results indicetod no change
in tere throuch the Mach number and Reymnolds number ranges obtainable
in the Langley 19-foot pressure tunnel.

Force teats wsre mads through the tunnel-speed range at both
tunnel preesures for all flap configurations. J.eading-edge-roughness
teste were alro made at both turmel pressures for the flaps-~
retracted configuration. The force tests at a tunnel prescure
of 33 pounds pver squsre inch ebszolute were mzde at gpeeds which
would produce either the same lMech mumbers or Reynoldes nurbers as
those of similar teets reported in reference 5.

A compaiison of the meximum-lift-coefficient date obtained
in the two wind tunriels for the game test condiiions was made.
A Langley 16-foot high-speed tunnel condition (Mach nmumber
of 0.15 end Reynolde muber of 2,450,000) wes reproduced in the
Tangley 19-foot pressure tunnel et a tunnel pressure of 16.5 pounds
per square inch wboolute.

Chordwise “proscure-distribution measurementcs vere made at
Pigr = 33 for veulues of Mach number and Reynclds number cbtained
in force tests.

Vieual observations of the stsll pattern were made by tuft
surveys at several tunnel airspeeds.

The wing was tested through an engle-of-attack range from -3.7°
through the stall. A ccnstant velue of Mach number or Reynolds
number was meinteined during a run by proper adjustment cf the
dynamic pressure to eccount for changes in temperature and pressure.

CORRECTIONS TO DATA

Force Tests

The 1lift cecefficlents have becn corrected for support-strut
interference es determinod by tare tests.
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The anglea of attack have been corrected for alr-stream
micalinement and Jet-boundery effects. The air-streem misalinement
wes determined during the tare teste, and the Jjoi-boundery
correction was detoruined by the following equation derived from
reference 8:

2o .<1 % %ﬂgﬁi) 8, 2 57.30,

Thie equaticn contains the angle-of-ettack correcticn at the

lifting line for the case of a win; with en elliptical epenwise

load distribution apd also an additicnal correstion fex the induced
streamline curvature. The torm B has beon introduced to account for
compressibility offecte (reference 6). For the tectz in the

Langley 15-foot pressure tunnel, a mean vaelue of £ wes found to
suffice and the correction to angle of attack beccwes 0 678001 :

Preseure Distribution

No corrections have been applied to the local values of siotic
preasure. The local effects of the struts =nd wnlle cn thecze
preerures are assumed to be negligible. In the computetion of ths
pressure coefficients, howevor, average dynemic pressura and free-
otream static precsure acroes the span have been u~ed.

RESULTS

The variation of Mach number with Reynolds number obtained
from tests reported in reference 5 cf the same wing ar tested hersoin
end obtained at both tuniel preesures in the lanzley 19-foot
preceure tunnel ie shown in figure 4. AlL valuea of Reynolds
number have been bared on the mosn aerodynsmic chord of tuo wing.
The maximum deviaticna of Mach number and Reynolds nurber from the
curvee for theee tests in the lanzley lG-foct preccsure tunnel
ere within veluce of M, = 20.01 and R, = 20,000.

The lift-coefficient data cbteined from force tecte in the
Langley 19-foot preseure tunnel are presented in fisgure 5. Thle
figure includes data for fouwr confipuwrations, that iz, for flups
retracted, for pertial-spen flapsz, for full-span flape, end for
flape retracted with leading-edge rcughness et both the Lanuley
19-foot pressure turmel conditicne.

A check run to detormine the valuee of meximum lift coefficient




that would be obtained in the two tunneles under the same teat
conditions gave a value of maximwm 1lift ccefficient of 1.35,

ns commared with a value of 1.36 (reference S5) obtained in the
Tangley 15-foot high-spesd tunnel. This egreement was considered
catisfectory end Justified eny conclusions interpreted from the
results of both tunnele.

The slopea of the liit curves for the flaps-retracted
configuraticn with end without leading-sdge roughness and the
elopes corrected to incompreeeible-flow ccnditions by the mothod
of reforence 6 are plotted agrinst Reynolds number in fipure 6.

The figure ehows the applicability of the corroction factor of
reference 6 in converting slopes of these 1lift curves f'rem
cerpressible~flow conditicns to incompressible~flow ccnditicns.
After the correction factor hed beer applied Mo the slopcs, the
resultc from the Taungley 16-foot high-speed tunnel (refererce 5)
snd the Lengley 19-foot pressure twmel were in excelient agreerment.

The meximum lift coefficlcnts and corresponding engless of
ettack have been plotted agninst Mach number and Reynolds nuwuber
in figure 7, which alsc includes deta obtained frem refereice 5.
The variations cf maximum 1ift coefficient with Mach number and
Reynolds number for all model cenf'igurations and tunuel condi tione
renemble those shown in reference 4 for e wing of NACA 0012 eirfcil
section. Figure 7 shows that for each tunnel ccndition the
maximum 1ift ccefficient incresses with an increzse in airspeed -
R eand M increasing (see fiz. 4) - to a weximumn or peak value,
after which the maximum 1ift ccefficient decrsases with a further
increase in airepeed. The pesk values of maxipum 1ift coefficient
occur at Mach numberc of epproximately 0.20 for the flepe-deflected
confijurations and between 0.25 erd 0.30 for the flaps-retracted
configuraticn. There were no peak mexirmmm 1ift ccefficients for
the flaps-retracted leading-edge-roughness configuration in the
Mach number rangee obtainable in the Langley 19-root preasure tunnsl.
A comparieon of the flapa-deflected confijuraticne (fige. 7(b)
and 7(c)) with the flaps-retracted configuration (fig. 7(e)) at
eimiler tunnel conditions shows that flep deflecticn causes the
peak maximm 1ift coefficients to occwr ot lower Mach numbers. For
each model configuration a similar ccmparicon between the two
tunnel conditions Pig* = 33 and Py = 1%.7 showe that the peak

meximum 1lift ccefficiente occur at lower Mach mumbera for = 33
than for pl9. = 14.7.

P19 '

Scme of the chordwise pressure-dietribution data obteined
during the teats are presented for three cf the six spanwlse
etations in figures & to 12. Pressure-distribution data were
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obtained in the Langley l9-foot pressure tunnel for &nly the tumnel
condition pl9' = 33 eas some atmospheric-pressure data were

available from tests in the Langley l6-foot high-speed tunnel.
The deta are presented at the maximum angles of attack for severel
values of Mach number and Reynolde number with flaps retracted end
deflected. A comparison was made of deta from the Langley 16-foot
high-speed tunnel with data from the Langley 19-f'oot freesure
tunnel (p19' = 33) et comparable values of either Mach number or

Reynclds number. As e result of the large pressure peake encountcred
with flaps deflected, the pressure-coefficient scele has been reduced
from thet used for the flaps-retracted configuration.

From the pressure-distribution data that were available from
tests of the wing in both tumnels, figure 13 has been prepared.
The peek pressure ccefficients obtained for each section at the
maximum 1lift coefficient of the wing were first plotted egeinst
the semispen to obtain the faired maximum value of peek pressure
coefficient on the wing; the maximum peek pressure coefficients of
the wing were then plotted ageinst Mach uumber to obtain figure 13.
The figure is not so complete &s would be desireble because of the
limited iMach number range of the Langley 19-fooi preseure tunnel.

Thko reeilts of the visual 'stall studies are sumarized in
figure 1 in which the stell progressions for the flaps-retracted
and fleps-derlected configurations are presentod.

The significance of e variation of Reynolds muber elone on
the maximum 1if't coefficient of an airfoil has bdeen fully describded
in reference 1 in which data are presented of tests ccnducted at
lov free-stream Mach nurbers (M° = 0.08). To reiterate, the

effect of incressing Reynclds number is to ceuse en earlier
transition from laminar to turbulent boundary layer. The increased
turbulent boundary layer is then capable of resisting separetion,
and & higher angle of attack is reached before stalling occurs;
thus, an increese in maximum 1lift coefficient is cobtained. As
pointed out in reference 2, the Reynolds number first affects the
1ift of an airfoll at moderetely high angles of attack. When the
Reynolds number hes reached & value et which the entire boundary
leyer has become turbulent, there is evidence that & further
increase in Reynolds number will not produce any increase in the
maximum 1ift ccefficient.
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In the region of the criticeal Mach number Mcr & pronounced

change exists in the flow, but whether an actual separation of flow
occurs seems to depend on both the type of airfoil involved and the
‘angle of attack at which the .critical Mach nunmber is reached.

When, as in the tests of the wing, a variation in Mach number
is accompanied by & variation in Rsynolds number, the explanation
for the veriation of Cy, is not readily apparent. The most

mex
significant point of the veriation of chu with Mach number and

Reynolds number is the peak value attained; hence, the determining
factor or factors of this point will be diescussed first. The psak
values of (':I may be dstermined by the critical Mach nurber,

by the Reynolds number at which the- entire boundary layer is turbulent,
or by both.

The maximum pressurs peaks encountered in tests of the wing have
been plotted againsti Mach number in figure 13. The curve of Pcr

against Mach number is also shown. The intersections of the curves
of maximum pressure coefficient with the curve of Pcr occur at

free-stream Mach numbars at which the peak values of CI were

o‘btainéd in force teste (fig. 7). The probubility ls indicated that
the peak values of CL for each tunnel condition occurred when the

mox
critical Mach number had been reached. The poseibility that the
Reynolds number et which tha entire boundery laysr is turbulent would
be reached in these tests is excluded. The effect of increasing
the magnitude of Reynolds number for a given Mach number, howover,
by chenging from the Langley l6-foot high-speed tunnel condition
(reference 5) to the Langley 19-foot pressure tunnel condition
of Pt = 33 (cee fig. 4) increased the peak pressure coefficients =

and, consequently, CI = but reduced elightly the free-stream
Mach number (fig. 13) at which the peuk value of C occurred.

When the flaps dre deflected, an increase in pressvre coefficient
along the chord resulte and this increass cauges an increased
maximum 1ift coefficient; but because of the incroased pressure
peaks, the criticel pressure coefficient is rsached at lower free-
stream Mach numbers with flaps deflected than with flaps retracted.

The foregoing discussion of figure 13 is based on consideration
of the maximum pressure coefficient that occurred on the wing.
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Visual cbservetions of the stall pattern (fig. 1) Justified the
discussicn of the stall with refevenco to only ons polni on the
wing. The stall studies were msde et eeveral Msch nurbers end

revealed en abrupt simultancous stall over thre entire swfiace of

the wing.
The decrease in CI after the peak value hasz been reachod

is due to the fect that the critical prescure ccofficlent diminishes
(fig. 13) as thc airspoed in increaced beyond this polnt. Az the
eir.peed 18 increaced, therofore, the critical pressure coefficient
is reached on the wing ai prcgressively lower angles of attack;
early stall ie thus precipitated end, coneoquently, lower velues
of maximum 1ift coefficient &re obtained. The principal contridution
of Reynoldo muiber towerd increasing Cr, ae previcusly pointed
max
out, 1 its effect in increasing the engle of atiack at which the
ving stalls; hence, when the critical Mach number limite the peak
value of CL , ths effect of a further increasse in Reynolds
max
nusber 1o markedly reduced. The data from tho rregent teste
(figs. 7(8) to 7(c)) are too limited to deteruino whether at very
high airspeeds Cp is affected at all by Reynclds mumber. Flight
max
teats of an airplsne equipped with a wing of NACA S6-series airfoil
sections (reference 9) have shown that nt velnes of Mach nurbder in
excens of 0.50 the erfects of Reynolds number src nesligidle. The
value of Mach number at which the Reynolde nwibex will become
nogligible will probebly depend cn the particuler alrioil involved.

The increase in C befere the criticel Mach number is

reached 1s due almoat entlrely to the change in Reynclds number; that
is, the natural transition from laminor to turbulent boundary leyer
with increasing Reynolds nurber allows higher angles of attack to be
reached beforo the ving stalls. When the values cf Gy, are
max
compered nt equal Reynolds nurbers (figs. 7(a) to 7(c)), it is neen
that, in the ranse dolow the peak value of CL , lower valuea of
max

C. ere obtained at & tunnol proseure of 1L4.7 pounds per asgquaro

L
max
inch aboolute then are cbtained at a tunnel precoure of 33 pounds per

equaro inch absolute. The values at pl , = 1.7 are actually at
higher Mach numbers then are the veluee at plD' = 33 (fig. 4).
A pleusible explsnation of thie loss in 1ift due to the increase
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in Mach number mey be that a’though the leading-edge yreccures

ot Jift coefficients below the stall are clmont the seme, the
trensition from laminer to turbulent beundary leyer ic deleyed by .
the increesed Mech nwsber and, since the wing toated exhibited
laminer sepsration, the wing will etall at olightly lower engles

of attack. This reerward movement of trans!ticn, becauce cf tn
increece in Mach nurber, has been determined for the low-draj; ranie

at the Aues Iaberatory, end 2 continuaticn of the discuerion to

C, appears reurontble Trom the results obtained in tho present
“max

tests.

Refcronce 1 preccnie a method for pradicting incrementsl changes
in the moximum 1if't coefficient that occur as e 1esult of the
difference between wind-tunnel and rlight Reynolds number. Iecavee
the flight velue of Mach number will veuwally be somewhat nisher .
then that usold &3 & baels for the method of reference 1 (FC = ©.08),

the application of thet method for the prediction of flight valuos
of CL Irom testa et low Reynclde number will pecbably yield

max
a higher valuo of C. = oven i1 the critizal Mech number has not
been reached.

The precediny discuscicn has deslt with the offecte of Mach
number and Reynolds nuwber on the wnrxirmum lift coefficient of &
wing vhich has an abrupt atall precipitatod by high peak values of
leading-edge prescure. Tho cherccteristics of « wing with lower
peak values of lezdini~edse pressvre and w more coumler stall may
be meterially different. If & wing exhibits e stall produced by
treiling-edre sersration, the leeding-edse precsures mey be low
enough to allow o rathor high free-stream Mach numher tc be reached .
before the critical prensure coefficient is enccunter2d. In such e l
cepe, the Reynolde mumber at which a completely turbulent boundary
luyer oxiete may be renclied before the critical Mech number 1o
atteined. The flapa-retracted leading-edge-rouzhners confipsuration
(fig. 7(4)) is an example in which the completo bonndery layer is
turbulent. There is very little chanmge in Cp thrcugh the

max
Reynolds number renge. The peak leeding-edso preasvres furtherncre
have probably bcen reduced so thet no criticel Mach number ic
indicated in the range of the present teste. Tho velue of C,
“max
at the lowest Mach number end Reymolds nurbor for P = .7

causes the curve in fisure T7(4) to have a sherp drop in the low
Reynolde number range. The chape of the lift crarve ier thin test
condition (fig. 5(g)) at c is euch &8 to suggesti the
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poseibility of premature ctall although no cauee is evident. Because
the drop in the curve of CI against Reynolds number occurs

through a lerge part of the complete Reynolds mumber range and is 2
result of this one teet point, the curves have been shown dashod
between thie test condition and the next highest test condition.

CONCLUDING REMARKS

On the basie of the wind-tunnel investigation mede to determine
the effecte of Moch number and Reynoclds number on the maximum 1ift
coefficient of a wing of NACA 230-ceriee airfoil sections, the
following conclusions may be drawn. These conclusions appear
appliceble to other wings which exhibit an abrupt stall precipitated
by hizh leading-edze preasuree.

1. The peak valuee cf maximum 1ift coefficient are determined
by a critical Mach number which is attained at relatively low free-
stream Mach numbere (approx. 0.20 for the flaps-deflocted configu-
rations and 0.25 to 0.30 for the flaps-retracted configuration).

2. The valuee of maximum 1lift coefficient are increased when
the Reynolds number is increesed but the critical pressure coefficient
{critical Mach nunber) is reachod at lower free-stream Mach numbers.

3. The increseed pressure peaks that result when the flaps f
are deflected cause the critical prossure coefficient (critical Mach
nunber) to be reached at lower free-stream Mach numbere than when |
the flaps are retracted.

4. After the critical pressure coefficient (critical Mach
number) has been reached, the value of maximum lift coefficient
ie appreciasbly reduced by further increase in Mach number and there
is an indication that the effect of Reynolds number on the maximum
1ift becomes markedly reduced.

5. The value of maximum lift coefficient before the critical
pressure coefficient (critical Mach number) is reached is almoet
entirely dependent on Reynolds nwfiber, but even in the low Mach
nurber range, Mach number effects should not be neglected. Any
method, therefore, that i1s utilized to predict flight values of
maximum 1ift coefficient from wind-tunnel deta by accounting for
a cifference in Ruynolds nwibsr and neglecting 2 difference in
Mach number may give erroneous results.

Lan;ley Memorial Aeronautical Leboratory
National Advisory Committee for Acronautics
Langley Field, Va., iloverber 19, 1946
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. NgCa
SELMAL 45976,

Figure 3.- Close-up of tube-transfer system used in tests of a wing of
NACA 230-series airfoil sections in the Langley 19-foot pressure
tunnel,
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Figure 13,- Varlations of maximum wing pressure coefficients with
Mach number for a wing of NACA 230-series airfoll sections
tested in the Langley 19-foot pressure tunnel,
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